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综上所述，通过将反应型含硅环氧单体 DGDMS 引入环氧树脂 DER332 中，
体系的阻燃性能优异、热稳定性高、力学和韧性较好，具有良好的应用前景。 































Epoxy resins, as a type of thermoset polymers, are commercially available for 
about 60 years and are widely used in many fields, such as castings, coatings, 
adhensives, composite applications and so on, owing to their excellent characteristics 
such as great versatility, good moisture, solvent and chemical resistance, outstanding 
adhesion, superior electrical and mechanical properties. However, poor flammability 
and poor toughness are the two main intrinsic disadvantages that epoxy resins have. 
Particularly, the poor flammability of the epoxy resins is a major limitation for their 
applications in many fields such as electronics (printed wiring boards and 
semiconductor encapsulation) and transportation (automobiles and aircraft).  
On the basis of analyzing the previous works, the design of silicon-containing 
compound modifying epoxy resins was adopted to halogen-free flame retardant and 
toughening requirements. The main research contents include: 
 (1)Synthesis and characterization of silicon-containing epoxy monomers 
 The reactive silicon-containing monomer called diglycidyloxydimethyl silane 
(DGDMS) was synthesized from diethoxydimethyl silane, allyl alcohol and 
m-chloroperbenzoic acid by a new method. The NMR (1 13H NMR and C NMR) 
spectra and FTIR spectra show that DGDMS was synthesized successfully as it 
designed. In addition, the effect on reaction condition and yield of the product was 
discussed and the results indicated that DGDMS was successfully obtained in a 59.2% 
yield when we used benzene as a solvent to the transesterification and controlled the 
temperature at 0 oC to the further epoxidation. 
(2)Preparation of halogen-free, toughening and silicon-containing flame retardant 
epoxy resins 
To obtain halogen-free, toughening and silicon-containing flame retardant 
multifunctional epoxy resins, the reactive silicon-containing monomers were blended 
in various portions with DER 332 and cured by stoichiometric amounts of diamine 















on the mixed epoxy system of DGDMS/DER 332/DDS was discussed. The results 
show that the curing temperatures of mixed epoxy system decreases from 240 oC to 
163 oC when the DGDMS content increases. 
(3)Comprehensive study of the properties about halogen-free, toughening and 
silicon-containing flame retardant epoxy resins 
①The relation of silicon content versus the flame retardant and mechanical 
properties of modifying epoxy resins was evaluated and the results indicated that the 
flame retardancy in epoxy resins was evidently improved (LOI>27) when the 
DGDMS/DER 332 mass ratio is grater than 25:75. Moreover, the original physical 
and mechanical properties are maintained. 
 The thermal②  stability and decomposition behavior of the mixed epoxy system of 
DGDMS/DER 332/DDS were investigated by TGA from all proportions. When the 
silicon content increases, the onset decomposition temperature (T5%) of the mixed 
epoxy system obviously decreases in air and nitrogen, while the char yield at 700 oC 
increases significantly with the silicon content increased. 
 ③The influence of silicon content on thermodynamic properties of the modified 
epoxy resins was studied. The Tg values decrease continuously from 229 oC to 101oC 
as the DGDMS content increases, which indirectly proves that DGDMS can toughen 
epoxy resins effectively. 
④To investigate the toughness of the mixed epoxy system of DGDMS/DER 
332/DDS directly, the section morphology of the mixed systems were studied by SEM. 
All mixed epoxy systems with different silicon-containing show that there are no 
phase separations. Additionally, with the DGDMS content increases, the sections of 
the mixed epoxy resins become more and more folded and the fracture direction gets 
more dispersive, which presents the features of the ductile rupture. 
In conclusion, the reactive silicon-containing epoxy monomers (DGDMS), which 
covalently incorporates halogen-free fire retardant element-silicon into polymer 
chains, is recognized to be the efficient means of permanently improving flame 
retardancy in epoxy resins and is considered to be the novel ways to reducing internal 
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